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Chapter 16, Solution 3

For the board to remain in the position shown, we need B$ 0. When the board is just about to start rotating
about A, we have B =0.

F)EMA=Z(M )y W(3ft)cos78° = %a(3 ft)sin78°

a=gcot 78° = (32.2 ft/s*) cot 78° a=6.84ft/s* <
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(@) Four-wheel drive:

+]ZF, =00 No+Ng-W=0 N,+Ng=W=nmg
Thus: Fa+Fg = 2Ny + 14, Ng = 2 (N, + Ng) = W = 0.80mg
FL3F =2(F)g: Fat+tFg=ma
0.80mg = ma
a =0.80g = 0.80(32.2 ft/s?) a=258ft/s>— 4
(b) Rear-wheel drive:

N o a—
= :
L
f ”ﬂfr—l———{w-,, s —r

- qonm.

+)ZMg =Z(Mg)y: (40in)W —(100in)N, = ~(20 in)ma
N, =0.4W + 0.2ma
Thus: Fa = 24 Ng =0.80(0.4W + 0.2ma) = 0.32mg + 0.16ma
HSF, =3(F )y . Fy=ma

0.32mg + 0.16ma = ma
0.32g=0.84a

0.32

o8 (32.2 ft/s?) a=12.27 ftIs°— 4

a=




(c) Front-wheel drive:

() G (5)> 204
L% '
Ha Ye
Ko “0ln,

F)EM L =2(M o)y s (100in)Ng — (60 in)W = —(20 in)ma
Ng = 0.6W — 0.2ma
Thus: Fs = 24, Ng = 0.80(0.6W — 0.2ma) = 0.48mg — 0.16ma
F.SF =%(F)y: Fg=ma
0.48mg — 0.16ma = ma
0.48g =1.163

0.48

a=—
116

(32.2 ft/s?) a=13.32 ft/s’— <«
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Kinematics:. Assume that the barrel is dliding, but not tipping.
a=0 ag=a—
Since the cord isinextensible, a- =a,
Kinetics: Draw the free body diagrams of the barrel and the cylinder.
The barrel is diding. Fe = 14N =0.35N

Assume that tipping isimpending, so that the line of action of the reaction on the bottom of the barrel passes
through Point B.

e=10in.
——— - T

_yT

G ‘__"‘1;? — & 5 o = C
l W ﬂ
WB EA:BQ “v"rc EQ_
A = A & T
Le_> 035N
N
For the barrel. 2R =00 N-Wp=0 N=W,
+)ZMg =0: Ne-4T —(18)(0.35N) =0
T_8- (18‘)1(0.35) N 10— 6.3WB _ 0925w,

) = :%a: T-0.35N :%a

g g

AT 03N _0025-035-0575
g W Ws
For the cylinder: |3k Ve, W, —T:WCE
g g
k= Ta _ 09290, _ (2.1765)(200 Ib) W, =4351b 4
1 & 1-0575

g
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Case 1:

Case 2.

(@)

(b)

(@)

(b)

(@)

()

+)EMo=E(Mg)gr: (160 Ib) [%ftj =(151b-ft-s*)a

o =8 rad/s?

0= 1of =13.333 rad

(1)
? =200 = 2(8 rad/s?)(13.33 rad) o =14.61rad/s
A . 9 9
+)ZMO:Z(MO)eff' (160) E :l5a+ma E

120=15¢ + 10079 —a S
322012 12

120 = (15+ 2.795)c

o = 6.7435 rad/s?
a. = 6.74 rad/s®
0= 12 " 13333 rad
(&7t)
®® =2a0
= 2(6.7435 rad/s?)(13.333 rad) o =13.41rad/s
A .
(460) EA (300)| — 9 | _155 4+ 30 5[ 91,30 (9
12 12 322 (12) 322 \12
2 2
120 =15 + 20 9 a+ 097,
322 322012
a = 4.2437 raol/s2
a = 4.24 rad/s?
0= 109ft =13.333 rad
12
w? =200 = 2(4.2437)(13.333) © =10.64 rad/s?

") <

") <

") <

") <

") <

") <




“SM. = : 18)_ 80 (18
@ +)IMy=%(M)y: (80)(12)_15%322&1(12)

2
120:15a+ﬂ(1_8j a
32.2\12

120 = (15+ 5.5900)
a =5.828 rad/s?

o =5.83 rad/s?

6= 1on =6.6667 rad

(1Y)

w® = 200 = 2(5.828 rad/s*)(6.6667 rad) w=882rads ) 4
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Kinetics:

r ; ma

a=/9-—

C
f/\ZMG:Z(MG)df: Fr=la -N=;52 i S

= =

2 &

(tmg)r =—nr
5
S 49 N
o=k
2 r “

Kinematics:. When the ball rolls, the instant center of rotation is at C, and when

t=t, V=ro @)
¥

' V:vo—ét:\_/o—ykgt @)
S 49

c a)=—a)0+at=—a)0+§—t

Whent=1t;:
Eq.(1): v=rw: Vo — 14Ot = [—a)o +gﬂLgtljr
r
_ 5
Vo — # Oy = —apf +E,ngt1

f _ 2 (Y +rap) 3)
g9 &9

V, =15ft/s, @, =9radls, r:4in.:1ft
3

P (15+ ;(9)J
177 04322

PROBLEM 16.69 (Continued)

@ =15972s t, =1.597s <

(b) Eq. (2 Vi = Vo — 494
—15-0.1(32.2)(15972)
v, =15-5.1429
=9.857 ft/s v, =9.86ft/s 4




(©) a=,9=0.1(32.2ft/s?) = 3.22 ft/s* ~—
.1
Fo5=Vh _Eatlz

= (15ft/s)(1.597 s) — % (3.22ft/s?)(1.597 s)*

=23.96-4.11=19.85ft

s, =19.85ft «
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_ 1
a==a
2

1

I =—m?

12

L -
) EM L =2(M g PL:(ma)E+Ia

=(m£aj£+imL2a

2
PL=1m2y
3

3P

mL
3(L.51b)

(mipe)@m

=12.08 rad/s®

Angular acceleration. a=

(@)

Components of the reaction at A.
+1ZF, =3(F,)g: A -W=0

(b)

A =(N-41Ib)

e SF =3(F)g: A-P=-ma

A =P-m Lo: :P—mL 3P
2 2\ mL
P_15Ib
=——=-——=-0.75Ib
A 2 2

)

P

2

a=12.08 rad/s? ) 4

A,=4001b] <

A, =07501b~— <«
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(b)

(@

w=0 ﬁzka
2
A T
& 2 A /“% pal
ﬁ C [ B} — ¢ \ p
J,WW’"’S Y le
= ‘—"l'-—g %—2‘ —ﬂ}
L — L
H)IMA=S(Mp)er: W== a+ma—
L 5 L L
—=—mla+m| —a |—
3 “ [zajz
1 39
—=_mL -
Mo =51~
Reaction at A.

+T IR, =%(F))g: A-mg=-ma= —m%a
L) 3
A-mg :‘m(zl(z%j
3
A-mg=——
mg 4mg

1
A==mg
4

Acceleration of B.

ag =a,+ag,=0+La|

3 3
af%%j:z%

1 4
A== |
4mg
3
aB:Eg' <
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Masses and lengths: Myg =1kg, Lpg=0.6m, mg. =2kg, Lgc=0.3m
Moments of inertia: T = %mAB L5g = %(1)(0.3)2 =7.5x10°kg-m?

1 1 _
I =EmBC|_2BC =E(2)(o.6)2 =60x10*kg-m?

Geometry: Mg =v0.6% +0.15% =0.61847 m
lac =1LBC =0.3m
2
0.15
tan ff = ——
F="8
B =14.036°

Kinematics: Leta=«a ‘) be the angular acceleration of object ABC.
(@np) = Tag X S
(@) =g’ [/ S
(@c )t =rgcar —

(@gc)n = cha’2‘

_— Ly — 3 —
Kingtics: ~ +)=M¢ =+)5(M¢ )y mABg% =1 g + NgMyg (App)t T,60t
_ _ Mo
+ g + Irgc My (@ )t selBrely
= (I_AB + Mgl as + L gc + Macliac )0’
(1)(9.81)(0.15) =[(7.5x10°%) + (1)(0.61847)?
+(60x107%) + (2)(0.32] o =2.3357 rad/s )

HUER = AR )gr: Cx =Mag(@ag ) COSB + Myg (3pg), SIN S + My (Ape )

= Mgl pg (@ COSB + 0® SN B) + My Tgcr
— (1)(0.61847)(2.3357 cos14.035° + 107 in14.035°) + (2)(0.3)(2.3357)
=17.802 N

+T 2k, = +T Z(F))ar:  Cy—Mpgd— Mg g =—Myg(ang); SIN B + My (apg ), COSS + Mpc (8pc )y

PROBLEM 16.87 (Continued)




Cy = (Mpg + My )G + Myglug (0® cosB —asin B) + Myclgc @
2 o H o
C, = (3)(9.81) + (1)(0.61847)(107 cos14.035° — 2.3357sin14.035°)
+(2)(0.3)(10)
C,=149.08N

Reaction at C. C =/17.8022 + 149,08
=150.1N
tan = 17.802
149.08
[ =83.2° C=150.1N 7 83.2° 4
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+) EM¢ :Z(Mc)eff: Wsing)r = (ma)r +la
(mgsin B)r = (Mra)r + mk 2ar

rgsnf=(r’ +k?)a

rgsin
o192
r<+k
_ rgsin

r2 +k2
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Data: [=6m, m=50kg, P=500N, g =0.3
:—m|2:—(50)(6)2 150 kg - m?
12

Kinematics: a:a) ac =a.—

ag =ac +(agic); + (g )n
~la —*]{ « /10°]+|2a> . ®

Kinetics: Sliding to the right: Fi =N

I
O
3
2
0

+) EMg =+) Z(Mg)gr: lesinloc’— F, IE(:0510°+ P('—2c0510°— h) =Ta

Tt~ N cos10° + N ! sin100= p[ Lcostio° -
2 2 2

150¢ — (3)(sin10° — 0.3cos10°) N = 500(3cos10° — 2) 2

+TZFy =+TZ(Fy)eﬂ: N-mg= —(m?lajsinm"—m?la)z cos10°

(ﬂsmloc’]a +N=mg ——Ia) cos10°
2 2
[(50)(3)sin10°]a + N = (50)(9.81) — (50)(3)(1)? cos10° (3)
Solving Egs. (2) and (3) simultaneously,
o = 2.5054 rad/s N =27752N

L»-EFX :ih-Z(FX)eff: P-F; =ma; —m7|a00310°+m7|w28in10°
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PROBLEM 16.141 (Continued)

ma: = P-4 N +m7la cole°—%a)2 sin10°
50a. =500-(0.3)(277.52) + (50)(3)(2.5054) cos10°

—(50)(3)(1)? sin10°
a. =15.2159 m/s

Using Eq. (1), ag =15.2159+ (3)(2.5054) .~ 10°+ (3)()* “~ 80°

(ag), =15.2159 — 7.5162cos10° + 3cos80°

=8.3348 m/s?
(8), =—7.5162sin10° - 3sin80°

=—4.2596 m/s?
3 =+/(8.3348)% + (4.2596)°
=9.36 m/s

4.2586
8.3348

tanfp =

B =27.1° ag =9.36 M's’ % 27.1° 4

(@) Acceleration at Point G.
(b) Normal force.

N=278N| «
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